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1

METHOD AND APPARATUS FOR DRYING A
PULVERULENT OR PARTICULATE PRODUCT

BACKGROUND OF THE INVENTION

. Field of the Invention

The present invention relates to a method and appara—
tus for drying a pulverulent or particulate product in a
fluid bed dryer with back mixed solids flow.

- When a wet product is to be dried in a fluid bed dryer

of the said type the amount of heated fluidizing gas
| suppl:ed to the fluid bed is advantageously kept at a
minimum necessary to fluidize the product, and addi-
tional heat is then transferred to the fluidized product
by means of heating surfaces submerged in the fluidized
product layer.

For economic reasons, it is desired to maintain the
~ temperature of the fluidizing gas discharged from the
fluid bed and, consequently, also the temperature of the
product being dried, substantially at the dew point. To
obtain a uniform product of controlled properties it 1s
important that the product discharged from the flud
bed has a degree of moisture which is substantially
constant even when the rate of feeding the product to
the fluid bed as well as the conditions of the product

feed, such as degree of moisture and temperature, vary
 within certain limits. This may be obtained by control-
ling the heat transferred to the wet product from the
heating surfaces submerged in the fluidized product.

2. Description of the Prior Art

In a known drying method of the above type, the heat
transfer from the heating surfaces to the wet product is

controlled by the operator so as to maintain the temper-

ature of the drying gas discharged from the fluid bed at
a predetermined value. This predetermined value which
is calculated to be slightly above the dew point of the
discharged fluidizing gas (for example by about 5° C.) is
based on an estimated degree of moisture of the product
and on an expected rate of feeding the product to the
bed. The expected level of the discharge gas tempera-
ture should secure that all free surface moisture has
been evaporated from the product when the product
leaves the fluid bed. However, in practice the moisture
and/or the feeding rate of the product may substantially
exceed the expected values and to such an extent that
the product cannot be maintained in a fluidized condi-
tion, whereby the drying process is discontinued, or the
moisture and the feeding rate may be less than expected,
whereby the heat economy of the drying process is
reduced. In any case, it is not possible to obtain a uni-
formly, dried product.

SUMMARY OF THE INVENTION

The present invention provides a method of the
above type permitting an improved control of the sup-
ply of heat to the product to be dried so as to reduce the
risk of interruption of the drying process and so as to
obtain a more uniform final product as well as improved
heat economy.

The invention provides a method of drying a pulver-
ulent or particulate product, said method comprising
(a)feeding said product to a first back mixed fluid bed,
(b) supplying fluidizing gas upwardly through said first
bed so as to fluidize said product therein, (c) continu-
ously discharging gas from said first fluid bed, (d) con-
tinuously mixing said product in said first bed, (e) sup-
plying heat to said fluidized product in said first bed, (f)
continuously discharging product from said first bed
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through a product outlet, and passing the product dis-
charged through said outlet along a path defined in a
second fluid bed so as to produce plug flow, (g) fluidiz-
ing said discharged product in said second bed, and (h)
controlling said heat supply to the product in said first
bed in response to the temperature of said product at
least at one location along said path so as to substan-
tially maintain the gas discharged from said first bed in_
such a condition that it is substantially saturated with
vapour, and so as to obtain a desired degree of dryness
of said product discharged through said outlet.

In the method according to the invention, the temper-
ature of the drying gas discharged from the said first
bed is maintained substantially constant, preferably at
the dew point of the drying gas, and, consequently, the
temperature of the product discharged from the said
first bed is also maintained at substantially the same
constant temperature. The supply of heat to the product
in said first bed is preferably controlled so that substan-
tially all free or unbound moisture has been evaporated
from the product discharged from the said first bed,
which means that the drying process in the said first bed
proceeds within the socalled “constant rate drying re-
gion”. When the product is discharged from the said
first bed and containing little or substantially no free
moisture is passed along the said path in the second flmd
bed, the temperature of the product will change because
drying is now proceeding within the socalled *“falling
rate drying region”. The temperature of the fluidizing
drying gas supplied to the said second fluid bed is pref-
erably maintained at a substantially constant tempera-
ture. In this case the temperature of the product at a
certain location or at certain locations along the said
path in said second bed varies in response to any varia-
tions in the feed of product to said first bed, such as
variations in feeding rate, temperature of the feed and-
/or the degree of moisture of the feed. Therefore, if the
supply of heat to the product in the first fluid bed 1s
controlled so as to maintain. the temperature of the
product substantially constant at the said location or
locations, the outlet temperature of the fluidizing or
drying gas and the dryness of the product discharged
from the first fluid bed may be maintained at the desired
constant value. It will be understood that the amount
and/or temperature of the fluidizing or drying gas sup-
plied to said second bed need not necessarily be main-
tained constant, but may vary in a predetermined or
registerable manner. This predetermined or registered
temperature variation could then be taken into account
when the heat supply to the product in the first fluid bed
is controlled.

Normally, heat is supplied to the product in said first
bed partly by means of the fluidizing or drying gas, but
mainly by means of heating surfaces arranged above the
bed plate of the first fluid bed. In principle, the heat
supplied to the product in the first bed may be con-
trolled by controlling the temperature of the fluidizing
gas as well as the temperature of the said heating sur-
faces. However, it is preferred to maintain the tempera-
ture of the drying or fluidizing gas substantially con-
stant and to control only the temperature of the heating
surfaces. In this case dyring gas is preferably supplied to
sald first and second beds from a common source.

In the second fluid bed, the product is preferably
heated only by means of the fluidizing gas. Therefore,
when the product which has been partly dried in the
first fluid bed, passes into the second fluid bed the mois-
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ture will evaporate at such a rate that to begin with the

temperature of the product will normally decrease. As
the product proceeds along its path in the second fluid
bed, the moisture remaining in the product will be the
moisture which is more firmly bound to the product by
capillary forces and/or chemical bonds. Therefore,

eventually, the rate of evaporation will decrease and,
consequently, the temperature of the product will 1n-
crease. According to the invention, the said one loca-

tion at which the product temperature is sensed for
controlling the supply of heat to the product in the first
fluid bed in dependency of said product temperature is
preferably positioned downstream of the location at
- which said minimum temperature 1s obtained. Thereby
it is ensured that at said one location the moisture con-
tent of the product has been reduced to such an extent
that the temperature of the product will change in re-
sponse to changes in supply of heat and in the feed of
product to the first fluid bed.

The heat supply to the first bed may be controlled in
any suitable manner in dependency of the product tem-
perature at said one location. Thus, the temperature
control may take place manually or by automatically
operating mechanical, electrical, or electronic control
means. According to an embodiment of the invention,
the product temperature may be sensed at each of a
plurality of locations along the said path 1n said second
bed, and the temperature values sensed may then suit-
ably be supplied to a computing device for evaluating
these temperature values and for controlling the heat
supply to the first fluid bed on the basis of predeter-
mined relations between the temperature variation .pat-
tern and the necessary or desirable adjustments of the
heat supply.

Normally; the path defined in said second bed is so
short that drying in that bed proceeds only slightly
beyond the region of constant drying rate.

If the drying process comprises drying in said first
and second beds only, the major use of the process is
drying of pulverulent or particulate products which
may be considered finished products when they have
reached the stage where the moisture which is un-
bound, or slightly more has been removed. In case a
higher degree of dryness of the finished product is de-
sired, the drying process may be continued in a further
drying stage. Thus, according to one embodiment of the
invention the product to be dried may be passed from
said first bed to a third fluid bed or another dryer via
said path along said second bed. The said beds may then
be parts of a fluid bed contact dryer in which the first
bed constitutes a pre-drying stage substantially within
the region of constant drying rate, while the third bed
* constitutes a post-drying stage which is preferably in
the form of a so-called plug flow fluid bed where the
drying takes place substantially within the region of
falling drying rate. |

The invention also relates to an apparatus for drying
a particulate or pulverulent product, said apparatus
comprising a first back mixed fluid bed having a prod-
uct outlet, a second fluid bed communicating with said
product outlet and defining an elongated product path
producing plug flow, means for feeding a pulverulent or
particulate product to said first bed, means for supply-
ing fluidizing gas upwardly through said first bed, heat-
ing elements for supplying heat to the product in said
first bed, and means for controlling the supply of heat to
said heating elements including temperature sensing
means arranged at least at one location along said path
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for controlling said heat supply to said heating elements
in response to the temperature sensed at said location.

BRIEF DESCRIPTION OF THE DRAWING

The invention will now be further described with
reference to the drawings, wherein

FIG. 1 1s a diagrammatic and sectional view of an
embodiment of the apparatus according to the imven-
tion,

FIG. 2 i1s a graphic representation of the evaporation
process 1n a batch type fluid bed,

FIG. 3 1s a graphic representation of the evaporation
process 1n a continuous fluid bed,

FIG. 4 is a humidity diagram where the interrelations
between absolute humidity, temperature, and dew
points may be read, |

FIGS. 5 and 6 are graphic representations of the
variation in temperature of a pulverulent or particulate
product moving along a “‘control bed”, and

FIG. 7 1s a perspective view of a preferred embodi-
ment of the apparatus according to the invention, cer-
tain wall parts having been cut away.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 diagrammatically illustrates a fluid bed dryer
comprising a pre-dryer 10 and a post-dryer 11. The
pre-dryer 10 1s preferably a fluid bed contact dryer of
the back mixed type, in which wet pulverulent or par-
ticulate material 1s supplied to the dryer by means of a
distributor, preferably a rotary distributor 12 positioned
substantially centrally above a first fluid bed plate 13. A
plurality of laterally spaced heating elements or heating
panels 14 are arranged above the bed plate 13. As best
illustrated in FIG. 7, the heating panels 14 are divided
into a number of groups, and the panels 14 in each
group are interconnected by means of a transverse wall
part 15 so as to form a bank or heating unit 16 which
may be removed from the dryer as indicated in FIG. 7,
for example for the purpose of cleaning, or repair, main-
tenance, or replacement.

The pre-dryer 10 and the post-dryer 11 have a com-
mon housing 17 including a heat insulating material 18,
vide FIG. 7. The inner space of the housing 17 1s di-
vided by means of a transverse partition wall 1¢ which
separates the pre-dryer 10 from the post-dryer 11. How-
ever, these dryers 10 and 11 are interconnected by an
opening 20 defined 1n the partition wall 19 at the bottom
and at one end thereof.

The post-dryer 11 includes a second fluid bed of the
so-called plug flow type with a bed plate 21. A plurality

-of parallel baffle walls 22 define a tortuous path for the

fluidized material moving through the post-dryer 11
from the opening 20 to an outlet 23 for dried material.
Warm fluidizing gas for fluidizing the material on the
first bed plate 13 is supplied to a first gas chamber 24
located below the bed plate 13 via a first gas inlet 25.
Similarly, fluidizing gas for fluidizing the material on
the post-dryer bed plate 21 is supplied to a second gas
chamber 26 via a second gas inlet 27.

Wet pulverulent or particulate material or product to
be dried 1s supplied to the rotary distributor 12 through
a flanged pipe stub 28, and the distributor 12 is driven
by an electric motor 29. Exhaust fluidizing gas or air is
discharged from the pre-dryer 10 and the post-dryer 11
through first and second gas outlets 30 and 31, respec-
tively, and dried product may be removed from the
apparatus through a flanged, tapered product outlet
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tube 32 communicating with the outlet opening 23. In
order to avoid generation of condensate on the inner

surface of the housing walls defining the pre-dryer 10,

the inner surface of the upper part of these housing
walls may be covered by hollow heating panels 33 as
indicated by broken lines in FIG. 7. The heat panels 33
“as well as the heating elements 14 may be heated in any
suitable manner, for example by means of electric cur-
rent or heated gas or air. However, the elements 14 and
the panels 33 are preferably heated by means of hot
steam or water. |

- As far as described up till now, the apparatus shown
in FIGS. 1 and 7 is substantially conventional.

FIG. 2 graphically illustrates the progress of a drying
process in which polyvinyl chloride of the suspenston
type is dried in a fluid bed dryer of the batch type. In
F1G. 2, the ordinate x indicates the ratio of the weight
of the volatile component to the weight of dry matter in
the material to be dried. The curve I shows that during
an initial period of time T the ratio x of the volatile
component to the dry matter will decrease proportion-
ally to time, and that after a “break point” B the curve
I will approach a certain value asymptoticly. The curve
I1 in FIG. 2 shows that during the initial drying period
T, the temperature of the material or product being
dried will be substantially constant despite variations in
the value of x, as long as x> B, and thereafter the tem-
perature of the product will rise quickly and then flatten
out on a certain level. -

It will be obvious that the same temperature profile
would be obtained by passing the product to be dried
through an elongated narrow fluid bed of the plug-flow
type and letting the longitudinal axis of the bed repre-
sent the abscissa. FIG. 3 graphically illustrates the
progress of a drying process in which polyvinyl chlo-
ride of the suspension type is dried in a fluid bed of the
type described above with reference to FIGS. 1 and 7.

The time period T is then representing the average
- residence time of the product in the pre-dryer 10. As in
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FIG. 2 the ordinate x indicates the ratio of the weight of 40

the volatile component to the weight of dry matter in
the material to be dried, e.g. the volatile content of the
wet polyvinyl chloride supplied to the pre-dryer 10.
The curve III shows that the ratio x is kept on a con-
stant level throughout the pre-dryer. After the “break-
point” B the curve will proceed as the curve I described
above in connection with FIG. 2. The fact that the ratio
X 1s substantially constant for the product residing in the
~ pre-dryer 10 as illustrated by the curve III is evident
from a mathematical point of view. When considering a
short period of time, the amount of wet cake feed sup-
plied to the pre-dryer can be considered infinitesimal
compared to the mass of product contained in the pre-
dryer.

For heat economic reasons, the drying in the region
of constant drying rate, i.e. during the drying period T,
should take place in the pre-dryer 10, and when the
break point B has been reached subsequent drying
should take place in the post-dryer I1.

When the product or material to be dried is supplied
to the pre-dryer 10 by means of the rotary distributor
12, 1t is normally so wet that the product as such cannot
be flutdized in a normal fluid bed until it has reached a
point where it has been partially dried. In FIG. 2, this
point 1s indicated as the fluidization point F. However,
when the wet product is fed to the pre-dryer 10 which
is of the back mixed type, and is distributed over and
mixed with fluidized product which has already been

6

partially dried, the wet product may, nevertheless, be
fluidized in a satisfactory manner.

In the pre-dryer 10, the amount of warm fluidizing
gas or air supplied to the first gas chamber 24 is prefera-
bly maintained at a minimum in order to minimize the
amount of heat lost with the gas or air discharged from
the pre-dryer 10 through the first gas outlet 30. The
necessary additional heat 1s then supplied to the product
by means of the heating elements or panels 14. |

During the drying process variations may occur, for
example in the rate of feeding wet product to the pre-
dryer 10 and in the degree of moisture and temperature
of the product being fed. As indicated above, it is im-
portant to control the supply of heat to the product via
the heating panels 14 in response to possible variations
in the conditions of the product feed to the pre-dryer 10
sO as to secure that product leaving the pre-dryer 10 is
always maintained substantially at the breaking point B
at which all of the free moisture has been evaporated
from the product.

In the apparatus according to the invention a control
bed with a bed plate 34 is interposed between the beds
13 and 21 of the pre-dryer 10 and the post-dryer 11,
respectively. The control bed i1s defined between the
partition wall 19 and a second partition wall 35 ar-
ranged parallel with and transversely spaced from the
partition wall 19 so as to define an elongated narrow
passage therebetween. A vertical edge portion 36 is
spaced from the adjacent inner wall of the housing 17 so
as to define a product inlet opening 37 to the control
bed plate 34 from the pre-dryer 10. Fluidizing gas is
supplied to the control bed via the first gas chamber 24
and from a gas source common with the first fluid bed

13. The gas outlet for the control bed 34 is the same as
that of the pre-dryer 10, namely the gas outlet 30 and,
therefore, a gas communication opening 36 intercon-
necting the inner space of the pre-dryer 10 and the
control chamber defined between the partition walls 19
and 35 is defined above the upper edge portion of the
partition wall 35. *

A temperature sensor 39, such as a thermocouple, is

. arranged above the control bed plate 34 adjacent to the
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opening 20 communicating the control chamber with
the post-dryer 11, and a further temperature sensor 39’
may be located at the product inlet opening 37, if de-
sired. As shown in FIG. 7, the temperature sensor or
sensors 39 may be mounted on the partition wall 19
and/or 35 by means of a supporting member 40.

The drying apparatus described above operates as
follows: | |

A wet pulverulent or particulate material or product
which may, for example, be a suspension type polymer,
1s continuously supplied through the pipe stub 28 to the
rotary distributor 12 which is rotated by the motor 29.
The distributor 12 distributes the product substantially
uniformly over the total bed plate 13 of the pre-dryer
10, and a flow of warm fluidizing gas or air is supplied
to the first gas chamber 24 through the first gas inlet 25
for fluidizing the product on the bed plate 13. The fluid-
1zed product on the bed plate 13 comes into contact
with the heating panels 14, and as the panels are heated,
for example by means of steamn, hot water, or hot gas
flowing therethrough, heat will continuously be trans-
ferred to the fluidized product, not only from the warm
fluidizing gas, but to a higher extent from the panels 14.
Exhaust fluidizing gas i1s discharged through the first
gas outlet 30 and may be discharged into the atmo-
sphere or recycled for further use after a dehumidifica-
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tion process. When a state of equilibrium has been
reached, a product flow corresponding substantially to
the product feed through the pipe stub 28 will leave the
pre-dryer 10 through product opening 37 and pass
along the control bed plate 34. The wet product fed by
means of the distributor 12 may be in such a condition
that it cannot be fluidized as such. However, as men-
tioned above, fluidization of the wet product may, nev-

4,492,040

ertheless, be obtained, because the wet product 1s dis-

tributed over and-mixed with the partially dried prod-
uct already present in the bed. In the pre-dryer 10, the

product is mixed continuously so that in the condition
of equilibrium, the degree of moisture of the mixed
- product will be substantially the same throughout the
fluid bed 12 as explained in connection with FIG. 3.

The supply of heat to the product in the pre-dryer 10

is controlled so that the drying process in the pre-dryer
proceeds in the region of constant drying rate which
involves that the temperature of the product in the fluid
bed above the bed plate 13 and of the fluidizing gas
being discharged through the first gas outlet 30 1s main-
tained substantially at the dew point. When the partially
dried product leaves the bed plate 13 through the prod-
uct opening 37 and enters the control bed plate 34,
substantially all of the free moisture has been evapo-
rated from the product, so that most of the moisture left
is more or less bound to the product, for example by
capillary forces or chemical bonds. The partially dried
product in the control bed is fluidized by means of
fluidizing gas supplied from the first gas chamber 24,
which means that fluidizing gas is supplied to the pre-
dryer 10 and the control bed from the same source.

FIG. 4 graphically illustrates the influence on the
dew point caused by introduction of heat through heat-
ing panels in addition to the heat introduced by the
fluidizing gas. In this figure the abscissa value y repre-
sents the ratio between the water component and the
component of dry air in the drying air or gas, and the
ordinate represents the temperature of the drying gas.
The curve designated *si” is the saturation line. Fluidiz-
ing gas supplied to the pre-dryer 10 takes up vapour
from the humid or wet product in the fluid bed,
whereby the gas 1s cooled off. Assuming that the fluidiz-
ing gas is supplied to the pre-dryer at a condition repre-
sented by point A in FIG. 4, the condition of the gas
discharged from the pre-dryer may be represented by
point D indicating that the temperature of the gas has
been decreased to the dew point while the ratio be-
tween the water component and the component of dry
air has been increased. In principle, the function of the
heating panels 14 may be regarded as a reheating of the
fluidizing gas or air from the dew point Dy to a higher
temperature represented by point A in FIG. 4, and the
fluidizing gas 1s now able to take up more vapour or
humidity, whereby the gas is cooled to the dew point
indicated by D in FIG. 4. The difference between the
abscissa values of the points D and A represents the
total amount of water or humidity transferred from the
product to the fluidizing gas. It is understood that the
ultimate dew point D of the gas is dependent on i.a. the
surface area, the surface temperature, and the heat
transfer coefficient of the heating panels.

FIG. 8§ graphically illustrates the variation in temper-
ature of the product passing the distance d along the
control bed 34 from the opening 37 to the opening 20.
As mentioned above, it is desired to maintain the tem-
perature of the product leaving the pre-dryer 10 sub-
stantially at the dew point D. When the product moves
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along the first part of the control bed 34, which has no
heating panels, the temperature will fall from the value
D and approach the value D; which is the dew point
corresponding to the condition represented by Aj in
FIG. 4. When the product has passed a certain distance
along the control bed 34, only more strongly bound
moisture is left in the product, whereby the rate of
evaporation decreases, and eventually heat supplied to
the product by means of the fluidizing gas will the cause

a rise in the product temperature.
FIG. 6 graphically illustrates the above mentioned

fall and rise in product temperature along the control
bed 34 in three different situations which will be ex-
plained as follows:

D is the dew point of the fluidizing gas within the
pre-dryer. If the product enters into the control bed
with a moisture content corresponding substantially to,
and preferably being slightly above that corresponding
to the break point B in FIG. 2, the temperature of the
product will fall to the temperature D under simulta-
neous evaporation of the remaining free or less bound
water, whereafter the temperature will rise according
to curve 1 in FIG. 6. This curve is identical to that
shown in FIG. 5. If the product enters into the control
bed with a moisture content substantially higher than
that corresponding to the break point B, e.g. corre-
sponding to the point E in FIG. 2, the declining part of
the curve will be substantially unchanged till Dj 1s
reached. As some less bound water is still present in the
product, the drying will proceed at the constant dew
point temperature D till only the more strongly bound
moisture is left, whereafter the temperature will rise as
illustrated by the curve 2. |

If the pre-dryer is operated so that the moisture con-
tent of the product therein is kept at a value G (FIG. 2)
which is distinctly lower than B, the product tempera-
ture in the pre-dryer will exceed the dew point D and
may be represented by the point C in FIG. 4. In this
case, when the product enters from the pre-dryer into
the control bed, there will not be enough evaporation to
develop .the full minimum on the temperature curve,
and a curve as that indicated by 3 in FIG. 6 will result.

Now, if the temperature sensor 39 is placed in the
control bed downstream of the product inlet opening 37
and in a distance d therefrom, the temperature T1 In
FIG. 6 will represent the moisture content B, and the
temperature T2 will represent the moisture content E.
To every moisture content between B and E there will
be a corresponding temperature between Tj and T».

The curves shown in FIG. 6 are typical for normal
operation where a rather uniform feed rate of the wet
cake or product as well as a rather uniform composition
of the wet cake are endeavoured, while deviations of
the predetermined values must be expected for various
random reasons. Under special conditions, e.g. the start-
up procedure, very large variations may occur, and the
level of the temperature D may then change considera-
bly. Nevertheless, the temperature D will remain sub-
stantially constant as it is defined by the substantially
constant line A1—Dj in FIG. 4, and the rising part of
the curves will keep substantially the same shape as

indicated with dotted lines in FIG. 6.

Systems for continuous, direct, and immediate detec-
tion of the moisture content of a pulverulent or particu-
late fluidized product have not yet been developed to a
standard which is sufficiently reliable for plain indus-
trial use. However, in the method according to the
invention an unpractical humidity measurement has
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been transformed into a simple, reliable on-line tempera-
ture detection. |

The location or at least one of the locations at which
the temperature in the control bed is measured or de-
tected is preferably positioned downstream of the loca-
tion at which the minimum temperature is reached, in
order to obtain the full developed split of the tempera-
“ture curves illustrated in FIG. 6.

Normally, it is adequate to use only one temperature
sensor, namely the sensor 39 located adjacent to the
opening 20. If a decrease:in temperature is sensed at that
location additional heat must be supplied to the panels
14 in order to restore the previous conditions. The con-
~ trol of heat supply to the panels 14 may be made manu-
ally by an operator, or automatically by means of elec-
tronic or electric circuits. In the latter case, two temper-
ature sensors 39 and 39’ or more may be used for con-
trolling the heat supply to the panels 14.

While in the preferred embodiment fluidizing gas 1s
supplied to the pre-dryer 10 and to the control bed 34
from the same source, it is possible to supply fluidizing
gas to the control bed from a separate source. This may,
for example, be advantageous if the pre-dryer 10 does
not contain heating panels so that control of the supply
~ of heat to the pre-dryer must be performed by control-
ling the amount and/or temperature of the fluidizing
gas supplied to the pre-dryer 10. Furthermore, while it
is preferred to maintain the conditions at which fluidiz-
ing gas is supplied to the pre-heater 10 and to the con-
trol bed constant, these conditions may vary provided
that these variations are predetermined or registered so
that they may be taken into account when the supply of
heat to the pre-dryer 10 is controlled on the basis of the
temperature sensed by the temperature sensor 39 or
sensors 39, 39'. The heat supply to the panel 14 may
then be controlled by means of a suitable computer
evaluating the signals received from the sensors 39, 39’
and from possible measuring devices surveying the
conditions of fluidizing gas supply to the pre-dryer 10
and to the control bed 34. The fluidizing gas flowing
upwardly through the control bed 34 may flow into the
pre-dryer 10 via the communication opening 38 and
may then be discharged through the gas outlet 30.

From the control bed 34 the product passes into the
‘post-dryer 11 through the opening 20. In the dryer 11,
the product which is fluidized by fluidizing gas supplied
to the chamber 26 through the gas inlet 27, follows the
tortuous path defined by the baffle walls 22. In the
post-dryer 11 the drying process takes place in the fall-
ing rate drying regime, and heat is normally supplied
only by means of a fluidizing gas. However, heat may
also be supplied to the product by heating the baftle
walls 22, if desired. When the product has travelled
along the total path defined by the baffle walls 22 it 1s
discharged from the apparatus through the product
outlet 23 and the tube 32 in the desired dried condition.

The residence time is adjusted to obtain the desired final
moisture content.

EXAMPLE

During a starting-up period comprising several hours,
a continuous flow of wet polyvinyl chloride of the
suspension type in an average amount of 13500 kg/h
was supplied to the distributor 12 of an apparatus of the
type illustrated in FIGS. 1 and 7. Fluidizing air at tem-
‘perature of about 100° C. was supplied to the gas cham-
ber 24. The panels 14 were heated to a temperature of
about 100° C. by means of steam, and fluidizing air was
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discharged through the gas outlet 30 at a temperature
corresponding to the dew point. ' .

The product feed to the distributor 12 contained
about 26 percent by weight of water and 74 percent by
weight of solid matter, and the temperature of the prod-
uct fed to the distributor was about 40° C. However,
within the said period of time the amount of product fed
to the distributor varied from 5000 kg/h to 10,000 kg/h,
the temperature of the product feed varied from 30" C.
to 50° C., and the moisture content of the product feed
varied from 30 percent by weight to 40 percent by
weight. The temperature of the product in the control
bed 34 was measured by means of a thermocouple 39
positioned adjacent to the product inlet opening 20
communicating with the post-dryer 11, and the supply
of steam to the heating panels 14 was controlled auto-
matically, so that the temperature of the product at the
sensor 39 was kept substantially constant.

The temperature and the degree of moisture of the
product discharged from the pre-dryer 10 through the
opening 37 was measured, and it was found that within
the said period of time, the temperature varied from 45
C. to 59° C., and the degree of moisture varied from 2.5
percent by weight to 2.7 percent by weight.

Fluidizing gas was supplied to the gas chamber 26 of
the post-dryer 11 at a temperature of 75° C., and the
product was discharged through the outlet tube 32 with
a degree of moisture of 0.2 percent by weight and at a
temperature of 45° C. Fluidizing gas was discharged
through the gas outlet 31 at a temperature of 41° C.

For comparison, in a conventional apparatus or plant
of the same type operated under similar conditions, the
degree of moisture of the product discharged from the
pre-dryer varies within a rather wide range, typically
from 0.2-10 percent by weight. Thus, the method and
apparatus according to the invention makes it possible
to obtain a much more uniform moisture content of the
product discharged from the pre-dryer than possible by
using the conventional technique. -

It should be understood that various changes and
modifications of the method and apparatus described
above could be made within the scope of the present
invention. For example, fluidizing gas could be supplied
to the control bed 34 and to the post-dryer 11 from the
same source. Furthermore, the post-dryer 11 may be
dispensed with in cases where the dryness of the prod-
uct leaving the control bed 34 is considered sufficient
for the intended purpose. |

We claim: | |

1. A method of drying a moist particulate product,
said method comprising;

(a) feeding said product to a first fluid bed,

(b) supplying fluidizing gas upwardly through said

first bed so as to fluidize said product therein, |

(c) supplying heat to said fluidized product in said
first bed, _ - | |

(d) continuously discharging product from said first
bed through a product outlet, and passing the prod-
uct discharged through said outlet along a path
defined in a second fluid bed so as to produce gen-
erally plug flow,

(e) predetermining said path so that the moisture
content of said particulate product encompasses
the constant rate drying-falling rate drying region,

(f) controlling said heat supply to the product in said
first bed in response to the temperature of said
product at least at one location along said path so as
to obtain a desired degree of dryness of said prod-
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uct discharged through said outlet substantially
free of unbound moisture, and

(g) wherein the product temperature varies and

passes a minimum while the product travels along
said path on said second bed, said one location
being positioned downstream of the location at
which said minimum temperature is reached.

2. A method according to claim 1,

wherein said heat supply is controlled so as to main-

tain the product at said one location at a substan-
tially constant temperature.

3. A method according to claim 1,

wherein fluidizing gas is supplied to said first and

second beds from a common source.

4. A method according to claim 1,

“wherein said heat supply is controlled in response to
the product temperatures at a plurality of locations
along said path. |

5. A method according to claim 1,

wherein said product in said first bed is heated by

means of heating panels contacting the fluidized

- product, said heat supply to said product being

controlled by controlling supply of heat to said
panels.

6. A method according to claam 1,

wherein said product is passed from said first bed to a

third fluid bed or another dryer via said path along
said second bed.

7. A method according to claim 1 wherein in step (a)
said product is fed to a back mixed fluid bed.

8. An apparatus for drying a particulate or pulveru-
lent product, said apparatus comprising a first fluid bed
having a product outlet, a second fluid bed communi-
cating with said product outlet and defining an elon-
gated product path producing generally plug flow,
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means for feeding a pulverulent or particulate product
to said first bed, means for supplying fluidizing gas
upwardly through said first bed, means for supplying
fluidizing gas to said second bed with a generally con-
stant rate and temperature, and means for controlling
supply of heat to said first bed including product tem-
perature sensing means arranged at least at one location
along said path for controlling said heat supply to said
first bed in response to the temperature sensed at said
location whereby in use, the product being discharged
from said product outlet is substantially free ot unbound
moisture, whereby the temperature sensed is indicative
of the moisture content of the particulate product in the
region encompassing constant rate drying-falling rate
drying, and said sensing means being positioned in the
falling rate drying region or equivalently being posi-
tioned at a location after which a minimum temperature
of the product has been reached.
9. An apparatus according to claim 8,
wherein said first and second beds communicate with
a common source for fluidizing gas.
10. An apparatus according to claim 8§,
wherein said control means comprise a plurality of
‘temperature sensing means mutually spaced along
said path.
11. An apparatus according to claim 8,
wherein said second fluid bed interconnects said first
bed and a third fluid bed.
12. An apparatus according to claim 8 including heat-
ing elements for supplying heat to the product in said
first bed.

13. An apparatus according to claim 8 wherein said
first fluid bed 1s a back mixed fluid bed.
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